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Shrubs have an important role in the future design of urban landscapes. Due to city-19 
densification and pressure on space, shrubs are increasingly preferred over trees for urban 20 
amenity plantings. In contrast to trees, however, relatively little information exists on how 21 
shrubs adapt to urban stress. This includes their responses to physical root injury, that might 22 
occur through trenching or transplanting activities. Two shrub taxa, Philadelphus coronarius 23 
'Aureus' and Euonymus fortunei 'Silver Queen' were used to investigate the effects of severity 24 
and time of root injury on plant viability, and how additional fertilizer influenced recovery. A 25 
novel ‘split-pot’ system was developed to differentiate where root injury was induced. Results 26 
showed that both taxa were relatively resilient to root-pruning, although root injury was more 27 
detrimental during active growth than when plants were quiescent. This re-enforces the notion 28 
that transplanting of shrubs should be avoided in summer. Shoot development was not more 29 
detrimentally affected by severe root-pruning compared to light pruning. There was also 30 
evidence that uniform severe pruning across the root-ball stimulated stronger root-regeneration 31 
compared to root systems differentially injured. No consistent response to fertilizer was noted. 32 
Results have implications for the resilience and management of shrubs within the urban 33 
landscape.  34 
 35 
Keywords: fertilizer; root loss; root injury; stress; transplanting; urban 36 




Shrubs are low-growing (0.5-6m) multi-stemmed, woody plants, frequently used in landscape 39 
design. Yet compared to trees their use, adaptability and function in urban landscapes tends to 40 
receive comparatively less research attention.  This is surprising as they are widely used in 41 
urban landscapes, civic parks and private gardens and increasingly so in green walls and roof 42 
gardens (Cameron and Hitchmough, 2016). Moreover, as city densification increases and 43 
competition for urban space becomes more acute, it is feasible that the role of shrubs will 44 
become paramount in providing green infrastructure, as essentially they take up less space 45 
than trees.  46 
 47 
Like trees, urban shrubs can be exposed to a range of stress factors, undermining their 48 
functionality (Franco et al., 2006; Cassaniti et al., 2009; Paoletti et al., 2009). Damage to root 49 
systems is one such component. Shrubs can experience root severance from trenching and 50 
digging activities within the urban matrix due to maintenance of utilities such as underground 51 
cables and pipes. As shrubs tend to be smaller than trees, they can experience transplantation 52 
from one locality to another (e.g. within a garden), even as quite mature specimens – again 53 
potentially with traumatic loss of roots. Similarly, roots may be severed or damaged during 54 
commercial production, such as when lifted from a field situation, being potted-on or when 55 
delivered to customers via post (Mathers et al., 2007). Yet, little systematic research has 56 
identified the impact of such actions on shrub roots, and the capacity of the plants to recover. 57 
Indeed, whereas some trees seem to be highly susceptible to the effects of trenching (Hauer et 58 
al., 1994; Ghani et al., 2009; Benson et al., 2019), the situation with shrubs seems less clear; 59 
but as with trees they may be influenced by factors such as species choice and root architecture 60 
or growth patterns. Some species such as Daphne and Magnolia seem to be highly susceptible 61 
to root injury and transplanting established plants is rarely recommended (White, 2006; Anon, 62 
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2018a). Other species, such as Rosa (Anon 2018b), Rhododendron (American Rhododendron 63 
Society, 2019) and Viburnum (Clune, 2017), amongst many others, are thought to be able to be 64 
transplanted comparatively easily, but this is generally recommended to be done during winter 65 
when the plant is dormant, as moving a plant in summer may induce drought stress due to root 66 
injury impairing water absorption (Anon, 2018a; Spengler, 2018). 67 
  68 
Root injury may not be an entirely negative process though. Both young trees and shrubs can 69 
experience ‘undercutting’ in commercial field-production; a process which severs extending 70 
primary and secondary roots, and encourages lateral root development leading to a more 71 
fibrous root system that is deemed beneficial when plants are subsequently transplanted 72 
(Schultz and Thompson, 1997). Judicious root-pruning has been shown to reduce shoot vigour, 73 
promote side shoots, fruit quality and improve plant habit (Schupp and Ferree, 1990; Schupp 74 
et al., 1992; Thomas and Ravindra, 1997; Yang et al., 2010).  In contrast, root-pruning can be 75 
detrimental to subsequent development, e.g. on Magnolia (Gilman and Kane, 1990) and 76 
Quercus (Larson, 1975; Andersen et al., 2000). Even within a single species, results can vary 77 
depending on timing or severity of root-pruning (Ferree, 1992) or water availability within the 78 
soil (Fini et al., 2013; Wang et al., 2014).  Research in Pseudotsuga menziesii indicated that 79 
root regeneration differed, depending on severity, rooting condition and location of the pruning 80 
within the root-ball (Eis, 1968). Moreover, severe root-pruning in this species (pruning of both 81 
sides of the root) generated better root systems rather than just light root-pruning on one side 82 
only. Meanwhile, root-pruning of two ornamental shrubs Buddleja davidii 'Summer Beauty' 83 
and Cistus 'Snow Fire' at time of planting into the ground from pots, indicated better 84 
establishment through the promotion of new roots, and enhanced root development compared 85 
to other manipulation techniques such as teasing out roots or leaving the roots in their original 86 
root-ball (Blanusa et al., 2007).  These points then raise questions such as does the extent, or 87 
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the time of root injury in shrubs affect the response of the plants in terms of shoot growth and 88 
subsequent redevelopment of the root system? 89 
 90 
The aim of this research therefore was to determine how the severity and timing of root injury 91 
(root-pruning) affected shrub survival. We tested whether shrubs in a quiescent state (i.e. early 92 
autumn), but with a full leaf canopy still present, were more or less impaired by root injury 93 
compared to those where injury took place when they were in a period of active shoot growth 94 
(mid-summer). [The term ‘quiescent’ is used as we did not verify whether plants had entered 95 
endodormancy by this stage (Arora et al., 2003)]. We also wished to determine if additional 96 
fertilizer applied to the root system affected recovery and subsequent growth. Two medium-97 
stature shrub taxa (final height approx. 2.5m) were selected for the study; the deciduous 98 
Philadelphus coronarius 'Aureus' and the evergreen Euonymus fortunei 'Silver Queen'. Both 99 
P. coronarius and E. fortunei are commonly used in urban landscapes due to a reputation for 100 
robustness and low maintenance requirements (HTA, 2017). The latter has less vigorous 101 
growth compared to the former, so was selected to provide a potential contrast within the study, 102 
in terms of speed of response. The study tested four hypotheses. 103 
1. Severe root-pruning would be more detrimental than lighter root-pruning in terms of 104 
plant recovery and subsequent shoot growth. 105 
2. Root-pruning during the quiescent phase would be more deleterious to subsequent 106 
shoot and root development than in the active growth phase.   107 
3. The more vigorous Philadelphus would be the more resilient of the two taxa to root-108 
pruning in terms of recovering root and shoot growth more rapidly. 109 





1. Methods 113 
Plant species and approaches 114 
Plants of Philadelphus coronarius ‘Aureus’ and Euonymus fortunei ‘Silver Queen’ were 115 
purchased from a commercial nursery (as 18-month-old, 150-200mm high plants in 90mm dia., 116 
≈ 0.35 L pots) in both winter 2012-13 (Exp. 1) and winter 2013-14 (Exp. 2). These were grown 117 
on under (frost-free glass) at the University of Sheffield, Sheffield, UK, being exposed to 118 
natural photoperiods and without supplementary lighting.  119 
 120 
Experiment 1.  Root-pruning in the quiescent shoot phase (September) 121 
Plants were re-potted between 24-26 May 2013 (See Supplementary Section, Fig. S1) using a 122 
‘split pot’ system (Fig. S2). This involved carefully teasing apart the conventional root-ball 123 
into two equal sections and inserting these into two ‘cut-down’ clear polypropylene bottles 124 
which were stapled together and held in parallel; the dimension of each bottle being 260 x 125 
100mm height x breadth (Fig. S2). The roots in each bottle were ‘backfilled’ with a 100% peat 126 
growing medium (graded as 15% of 0-5mm and 85% 0-10mm particle sizes, respectively) 127 
containing 5 g l-1 controlled release fertilizer granules (Osmocote 8-9M TE, ICL, Ipswich, 128 
Suffolk, UK) consisting 6.6% NO3, 8.4% NH4, 9% P2O5, 11% K2O, 2% MgO and trace 129 
elements (TE) of micro-nutrients. Each section of the root-ball was arranged in such a manner 130 
that new roots would proliferate into the growing media of their respective bottles. For each 131 
plant, the two bottles themselves were labelled ‘right’ or ‘left’ and linked to the treatments 132 
imposed on each side of the root system. Black polythene was used to cover the clear bottle 133 
pots to avoid phototropism in root growth. Plants were placed back in the glasshouse until 27 134 




At this point, plants of each genotype were placed in a line on a glasshouse bench for visual 137 
comparison and any a-typical specimens removed. Remaining plants (56) were graded based 138 
on height, and then randomly allocated to one of the 7 treatment groups. Thus one treatment 139 
had a comparable ‘population’ of plants to another. Each treatment group (n=8 per taxon) were 140 
then subjected one of the following root manipulation treatments (Fig. S3). These were:   141 
 Consistent light root-pruning (L+L) – the basal 飴 of the roots were pruned off each side 142 
and the remaining root-balls placed back in their respective bottles with peat-based 143 
growing-media containing 1 g l-1 Osmocote 8-9M TE. (Figs. S3 and S4B). 144 
 Consistent severe root-pruning both sides (S+S) – the basal 絢 of the roots were pruned 145 
off each side and the remaining root-balls placed back in their respective bottles with 146 
peat-based growing-media containing 1 g l-1 Osmocote 8-9M TE. (Figs. S3 and S4C). 147 
 Differential root-pruning (L+S) – the basal 飴 of roots on one side (left, as viewed by 148 
the researcher) and 絢 of roots on the alternative (right) side were pruned off and the 149 
remaining root-balls placed back in their respective bottles with peat-based growing-150 
media containing 1 g l-1 Osmocote 8-9M TE. (Figs. S3 and S4D).  151 
 152 
In these treatments a relatively low rate of fertilizer was used (1 g l-1) so as not to provide a 153 
surplus of nutrients in the newly added media. Additional treatments, however, were provided 154 
where similar root manipulation took place, but where the growing media used to backfill one 155 
of the bottles (i.e. one side of the root system only) incorporated a higher rate of fertilizer i.e. 156 
(5 g l-1 Osmocote 8-9M TE) to assess how this influenced root development. Additional rates 157 
of fertilizer were added to one side only to determine if a differential response was apparent, 158 
i.e. did the extra nutrition just promote/inhibit root development on the side it was added, or 159 
have an effect on both sides of the root system.  Additional treatments were (Fig. S3): 160 
 Consistent light root-pruning with additional fertilizer (L+LF). 161 
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 Consistent severe root-pruning with additional fertilizer (S+SF) 162 
 Differential root-pruning with additional fertilizer added to the light pruned side only 163 
(LF+S). 164 
 Differential root-pruning with additional fertilizer added to the severe pruned side only 165 
(L+SF).  166 
 167 
A non root-pruned treatment i.e. ‘control’ was deemed not feasible. Pre-experiment 168 
assessments with the split-pot system, indicated that failure to remove the root-balls from the 169 
bottles, resulted in a highly congested root-ball, making accurate root counts impossible. 170 
Alternative systems of removing plants from the spit-pot system, refreshing the growing media 171 
at the base, and attempting to re-insert them to the respective bottles, frequently resulted in root 172 
damage. Thus it was considered that any such ‘control’ would, in reality, be similar to the light 173 
pruned (L+L) treatment.   174 
 175 
Plants of each taxon were placed on separate benches within the one glasshouse. Plants were 176 
spaced 0.8 m apart in a grid pattern, with each row of this grid having one specimen of each 177 
treatment represented in it. The treatment position within the row was randomised. Irrigation 178 
was via watering-can with 1000ml applied daily to each of the split pots during active growth; 179 
holes in the bottles ensuring excess water drained freely.  Over any 24 h period, plants were 180 
kept typically at 75-100% of container capacity. A subsection of plants (one rep, randomly 181 
chosen per treatment) were weighed every day, 1 h after watering (Mettler balance ICS226-182 
QA15FCL-US, Mettler-Toledo, Leicester, UK) and all others assessed by hand-lifting to 183 
ensure weights (i.e. water contents) were approximately equivalent. Watering was less frequent 184 
during winter – usually once a week, due to limited evapo-transpirational demand, with 185 
weighing processes also taking place weekly. Root systems were monitored throughout winter 186 
9 
2013- spring 2014, by temporarily removing the black polythene covers and inspecting root 187 
development through the polypropylene bottles, with final destructive harvests being recorded 188 
6 weeks after first shoot budbreak in each plant. First budbreak in each plant ranged between 189 
2-7 Feb., thus. destructive harvests were conducted between 14-16, April 2014 (Fig. S1). The190 
harvesting was carried out in a systematic manner (1 rep per treatment) to minimise bias due 191 
to interactions between treatment and harvest time. Harvesting took place after 6 weeks, thus 192 
allowing treatment differences to become manifest, whilst avoiding excessive congestion of 193 
roots at the base of the bottles and making root counting difficult.  194 
195 
Experiment 2. Root-pruning in the active shoot phase (July) 196 
Similar procedures to Exp. 1 were followed except plants were moved to split pots on 12-13 197 
May 2014 and root-pruned on 29-30 July 2014 when shoots were still in active growth (Fig. 198 
S1). These plants were then assessed for new root and shoot development 6 weeks later on 14-199 
16 Sep. 2014.  200 
201 
Data collection and handling 202 
Root and shoot development was monitored every 2 weeks, with the number of new roots 203 
(‘white’ roots ≥ 20mm) at the surface of the root-ball counted and marked with indelible marker 204 
pens. At final harvest, the root-ball was carefully teased apart and peat gently brushed off. Any 205 
additional white roots identified within the middle of the root-ball were added to the numbers 206 
recorded on the surface, to give a final new root tally. This process, however, did not account 207 
for any new roots that may have stopped growing and lignified (turned pale brown, [Lipp and 208 
Andersen, 2003]) over the preceding 6 weeks, and which had been out of view, i.e. not on the 209 
surface. In reality at final harvest, we found no terminal roots without a white tip, suggesting 210 
those counted were a genuine indication of all the primary actively growing roots. White roots 211 
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< 20mm were not counted and so this data largely excludes the smaller secondary and tertiary 212 
roots present. Root mass was assessed by washing the roots under running water using a mesh 213 
and bucket system to catch and extract the roots from the growing medium. Roots were dried 214 
for 48 h at 80oC (Heratherm Protocol Oven, Thermo Fisher Scientific, Loughborough, 215 
Leicestershire, UK) and weight data derived from each bottle (‘Root Left’ and ‘Root Right’). 216 
These values were summed to give the total root mass per plant (‘Root Total’). Shoot and stem 217 
tissue was also harvested and dried (‘Shoot Total’).  Effects of treatments were analysed by 218 
one-way ANOVA (Genstat 18 VSNi, Hemel Hempstead, Hertfordshire, UK), ensuring data 219 
was normally distributed and variance levels homogenous. Data are presented as mean values, 220 
with significant differences (P≤0.05) between means verified by Sidak post-hoc, tests. The 221 
Sidak test was chosen as it was considered that each comparison was independent to any of the 222 
others.   223 
  224 
2. Results 225 
Experiment 1.  Root-pruning in the quiescent shoot phase (September) 226 
Pruning roots in the autumn, once plants had become quiescent resulted in few roots (≤ 3 per 227 
plant) being observed at the interface of the rootball and the polypropylene pot over the winter 228 
in either Philadelphus or Euonymus (no significant differences due to treatment and data not 229 
shown). Shoot and more vigorous root development was noted in spring, however, and approx. 230 
6 weeks after budbreak (when plants had more than doubled in size), they were destructively 231 
harvested to assess development and biomass. 232 
 233 
Philadelphus ‘Aureus’ 234 
Shoot biomass recorded in the spring showed no effect of root-pruning or nutrition treatments 235 
applied the previous autumn (Fig. 1, Table 2). Consistent severe root-pruning (S+S), however, 236 
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had a negative effect on root biomass (e.g. significantly less biomass compared to the 237 
equivalent light root-pruned treatment L+L) (Fig. 1). In contrast, there was no difference in the 238 
number of new roots generated between the light (L+L) and severe (S+S) root-pruned 239 
treatments (Fig. 2).  The differential treatment (L+S) had similar biomass levels to L+L, but 240 
reduced the number of new roots generated on the severely pruned side.; a value that was also 241 
less than the S+S treatment (Fig. 2).  242 
 243 
Adding fertilizer to treatments did not alter root biomass significantly from equivalent plants 244 
not fertilised (Fig. 1), but did reduce the number of new roots on the fertilised side in S+SF 245 
(Fig. 2). In contrast, there were more roots generated when fertilizer was added to the lightly-246 
pruned, left side of the differential treatment, i.e. LF+S (Fig. 2); and more on the severe pruned 247 
(right) side irrespective of where the fertilizer was placed (compare LF+S and L+SF to L+S).  248 
 249 
Euonymus ‘Silver Queen’ 250 
There was no effect of treatment on shoot or total root biomass (Fig. 3). Root biomass within 251 
the left and right pots, however, could be affected by treatment. For example, relatively high 252 
biomass was recorded on the lightly root-pruned side of L+S, and low on the severely-pruned 253 
side of L+SF, and the non-fertilized side of S+SF (Fig. 3). There was no difference in the 254 
number of new roots generated between L+L and S+S (and indeed their fertilized equivalents, 255 
L+LF and S+SF) (Fig. 4). In the differential treatment (L+S) root numbers were suppressed on 256 
the severely pruned side. This suppression not being apparent on plants that received fertilizer 257 
(Fig. 4).  258 
 259 
Experiment 2. Root-pruning in the active shoot phase (July) 260 
Philadelphus ‘Aureus’ 261 
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Harvested biomass was less than in Exp. 1 (note different scales on vertical axes, e.g. Figs. 1 262 
and 5), and plants generally had lower root to shoot ratios (Table 1). Summer root-pruning had 263 
a stronger influence on subsequent development compared to autumn root-pruning (especially 264 
in the absence of additional fertilizer), with a significant reduction in total root biomass in the 265 
S+S and L+S treatments compared to L+L (Fig. 5). Notably, shoot biomass was also 266 
significantly lower in the L+S treatment (Fig. 5, Table 2). Additionally, the number of new 267 
roots was significantly less in the L+S compared to the L+L (on both sides, Fig. 6). Growth 268 
performance was better in the differential treatment when fertilizer was added, with LF+S and 269 
L+SF having enhanced shoot and root biomass compared to L+S (Fig. 5) and many more 270 
developing roots (Fig. 6). 271 
 272 
Euonymus ‘Silver Queen’ 273 
Biomass harvested after summer root-pruning (active-phase) was less than after autumn root-274 
pruning (quiescent phase) (compare Fig. 7 to Fig. 3). Consistent severe root-pruning (S+S) 275 
conducted in summer, however, had no subsequent significant negative effect on plant biomass 276 
six weeks later, compared to L+L root-pruning (Fig. 7), i.e. plants had recovered from the 277 
severe treatment. There was no significant effect on the number of new roots generated in S+S 278 
compared to L+L (Fig. 8).  279 
 280 
Adding additional fertilizer did not significantly improve biomass or root number over 281 
equivalent not fertilized treatments (Figs. 7 and 8). Effects of root-pruning and nutrition could 282 
combine, however, to influence plant responses; for example, the L+LF treatment had greater 283 
shoot and root biomass than S+SF (Fig, 7), and more new roots generated on the side with 284 




Discussion  287 
 288 
Survival and hypothesis testing 289 
All plants of both taxa survived the root-pruning treatments imposed. This was despite the loss 290 
of approximately two-thirds of total root mass in some treatments. Overall, plant biomass was 291 
greater after the September root-pruning compared to plants treated in July, but this may be 292 
partially due to different growing seasons (2013 vs 2014) as well as timing of root-pruning. As 293 
such comparisons here, focus on trends within each experiment rather than compare empirical 294 
data across the two experiments.  295 
 296 
The most severe root-pruning treatment (S+S) had no effect on shoot biomass in Philadelphus, 297 
and only differential pruning (L+S) implemented in July, reduced shoot biomass. Timing of 298 
root-pruning had a stronger influence in Euonymus, with no effect on shoot biomass in the 299 
spring following a September root-pruning, but reductions in shoot biomass associated with a 300 
number of treatments involving severe root-pruning in July (Table 2).  The data rejects our first 301 
hypothesis with respect to Philadelphus, i.e. that severe root pruning would be detrimental, but 302 
partially supports it for Euonymus, in that shoot growth was penalised after July root-pruning, 303 
even though no fatalities occurred. Data on shoot biomass also indicates that the second 304 
hypothesis should be rejected, i.e. root-pruning during the quiescent phase is more deleterious 305 
than that during active growth. In reality, plants of both taxa showed the opposite trend, namely 306 
greater setbacks in shoot development associated with a July root-pruning when plants were 307 
active (Table 2).   308 
 309 
The greater impact on shoot biomass with root-pruning in July may relate to the plants being 310 
injured at a younger physiological stage. Thus, implying in this case, younger plants were less 311 
14 
 
resilient than their marginally older peers. Alternatively, the loss of root in July may have 312 
impacted at a particularly critical period in the plants’ development. Timing of root-pruning in 313 
relation to development phases in Malus has been shown to be important (Ferree and Knee, 314 
1997); root pruning in spring prior to budbreak being less detrimental than during midsummer, 315 
when trees had a full canopy. This suggests that interference with resource capture and 316 
allocation may partly explain the more pronounced negative effect when plants are in active 317 
growth (Khan et al., 1998a; 1998b).  318 
 319 
In terms of the third hypothesis, i.e. the more vigorous Philadelphus possessing greater 320 
resilience, results are more complex especially when root data is taken into consideration. As 321 
outlined above, root-pruning was detrimental to shoot development in the less vigorous 322 
Euonymus but only with July pruning. Euonymus plants root-pruned in September showed no 323 
adverse effects to either shoot or root biomass the following spring (Table 2).  This was not the 324 
case for roots in Philadelphus, where severe root-pruning subsequently reduced root biomass 325 
in both July and September periods. As such, it could be argued (based on root growth alone) 326 
that the more vigorous species was actually the less resilient to severe-root pruning.  327 
 328 
There was no consistent evidence that additional fertilizer helped plants recover (fourth 329 
hypothesis). Additional nutrition had a positive effect on a number of situations where 330 
differential root-pruning was employed (see below), but the influence was not universal.  331 
 332 
Root responses 333 
Consistent severe pruning treatment (S+S) negatively affected root biomass in Philadelphus, 334 
but interestingly, had less effect on total root biomass in Euonymus (Table 2). Localized effects 335 
however, i.e. in the sides where severe root-pruning was imposed was evident in both taxa. 336 
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Consistent severe pruning (S+S) did not inhibit new root generation (at least in the absence of 337 
additional fertilizer), and new root numbers were comparable with the equivalent light root-338 
pruned treatment (L+L) (Figs. 2, 4, 6 and 8). Re-establishing a network of new roots rapidly 339 
after injury seemingly being a priority over, e.g. extension of remaining intact roots. Re-340 
directing resources to new root development (at the expense of shoot growth) after root injury, 341 
has been observed in other species including Pinus (Stupendick and Shepherd, 1980), Malus 342 
(Ferree and Knee, 1997; Khan et al., 1998a; 1998b), Vitis (Thomas and Ravindra, 1997; 343 
McArtney and Ferree, 1999) and Quercus (Andersen et al., 2000). 344 
 345 
In a number of situations differential root-pruning (L+S) inhibited root generation on the 346 
severely injured side, more so than consistent severe pruning (S+S), (i.e. Figs 2, 4 and 6). Why 347 
a greater ‘root-regeneration’ response was induced by the consistent severe root-pruning rather 348 
than just the partial severe pruning is not clear. Logically it might be assumed that L+S 349 
treatment would have been intermediate between L+L and S+S in terms of overall root damage 350 
incurred and the requirement for new roots to be generated after injury. However, it is possible 351 
that a more significant or consistent trauma (i.e. S+S) is required to fully-activate new root 352 
generation.  For example, it may be that plants differentially pruned did not lose enough root 353 
mass overall, to stimulate the strength of wound responses required to elicit full root 354 
regeneration on the damaged side (León at al., 2001). Indeed, roots on the less injured, light-355 
pruned side, may have been left sufficiently intact to maintain good hydraulic conductance 356 
(Davies and Zhang, 1991) or strong conventional hormonal signals (Francia et al., 2007; Huber 357 
and Bauerle, 2016) thus overriding any stimulus to initiate new roots coming from the more 358 
damaged, alternate side (Lipp and Andersen, 2003; Takahashi and Shinozaki, 2019). These 359 
results are in line with Blanusa et al., (2007), who found similar responses in Buddleja and 360 
Cistus, i.e. severe root-injury encouraged more root growth than light-injury. The mechanisms 361 
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behind i. what determines the strength of, or ii. differential types of, wound responses remain 362 
to be further elucidated (Huber and Bauerle, 2016). 363 
 364 
Additional nutrient and root development 365 
The provision of higher fertilizer rates seemed to have a beneficial effect on root development 366 
in some treatments, but not others. Additional fertilizer inhibited root-regeneration after 367 
consistent severe root-pruning of Philadelphus in September (i.e. compare S+SF to S+S, Fig. 368 
2). Conversely, it helped new root generation in the differential treatments (both sides) (Fig. 369 
2). High nutrient levels have been associated with decreasing the extension of existing roots 370 
and promoting axillary root formation in non-injured root systems (Trapeznikov et al., 2003). 371 
Something similar appears to have occurred here in terms of encouraging new root initials, but 372 
only when the root system as a whole was not overly-damaged. Under the consistent severe 373 
S+S root-pruning treatment, for example, a reduction in new roots generated (in the presence 374 
of higher fertilizer) may relate to a ‘feed-back system’ whereby those few roots that are initially 375 
generated are deemed to be acquiring sufficient nutrition to support the entire plant, and thus 376 
any further generation of de novo roots is not required. In essence when nutrient ions are freely 377 
available, and are being readily absorbed from the medium, the demand for further root 378 
generation is reduced. This was only noted however, under the consistent severe root-pruning 379 
treatments. In contrast, when roots systems were differentially damaged (L+S) the opposite 380 
was true. Indeed, it was interesting to observe that the extra nutrition seemed to re-instate the 381 
ability to generate new roots in the severe pruned side of the root-ball.  Moreover, higher 382 
fertilizer rates in the summer root-pruned plants aided biomass accumulation and new root 383 
generation in the differential treatment, irrespective to whether the additional fertilizer was on 384 
the lightly- or severely-injured side of the root system (compare LF+S and L+SF to L+S in 385 
Figs 5 and 6). This suggests it is being readily translocated from either side of the root system 386 
17 
and then distributed evenly across it, albeit perhaps via translocation to the stems and shoots 387 
first (Russell and Clarkson, 2016).  388 
389 
In Euonymus, additional fertilizer did not alter any of the measured parameters compared to 390 
equivalent non-fertilized treatments (Figs 3 and 7). This is comparable to other studies in slow 391 
growing evergreen species e.g. Ilex cornuta ‘Burfordii Nana; (Gilman et al., 1996) and possibly 392 
slower growing species are less responsive in activating new shoot growth (Mooney and 393 
Rundel, 1979, Chapin, 1980). Inconsistent results in this research with respect to nutrient 394 
addition, resonate with other findings (Ferrini and Baietto, 2006). Despite being commonly 395 
practiced in landscape management, the actual benefits of adding additional fertilizer at the 396 
time of transplanting is still disputed (Harris et al., 2008). 397 
398 
Limitations to the research 399 
These experiments were conducted under semi-controlled conditions thus allowing root 400 
development to be monitored carefully over time whilst avoiding disturbance to the root-401 
systems. They do not necessarily though, fully represent field situations and further applied 402 
research is required to verify if results would be reproduced in situ within the landscape. Our 403 
data does not necessarily always explain cause and effect either, for example how specific 404 
nutrients are involved in regulating root and shoot development after root injury. Nevertheless, 405 
the research does much to understand key principles about how young shrubs respond to root 406 
injury.  407 
408 
Conclusions 409 
The data presented here re-enforces the argument that it is best to avoid moving shrubs when 410 
they are in active growth, thus broadly supporting practical advice on restricting transplanting 411 
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of landscape shrubs to the autumn and winter seasons. The common assumption that severe, 412 
rather than light, root injury is more detrimental is challenged by our Philadelphus data, in that 413 
there was no negative effect on shoot growth, and severe pruning could stimulate new root 414 
generation.  Adding supra-optima levels of fertilizer to any backfill soils or growing media was 415 
not warranted, however, by the data presented here. The fact that results were not always 416 
analogous to those found in trees, indicates that more research is justified for shrubs per se, 417 
and to understand better the impacts of root injury both in controlled experiments such as this, 418 
but also in in situ studies.  419 
 420 
Acknowledgments  421 
The authors are grateful to the Ministry of Higher Education of Malaysia for providing funding 422 
for this research. 423 
 424 




Andersen, L., Rasmussen, H.N., Brander, P.E., 2000. Regrowth and dry matter allocation in 427 
Quercus robur (L.) seedlings root pruned prior to transplanting. New For. 19, 205-214. 428 
 429 
American Rhododendron Society 2019. Plant culture and care: Transplanting  430 
https://www.rhododendron.org/transplant.htm. Accessed 17 Dec. 2019. 431 
 432 
Anon, 2018a. Tree and shrubs: moving plants. Royal Horticultural Society. 433 
https://www.rhs.org.uk/advice/profile?PID=293 Accessed 20 June, 2019. 434 
 435 
Anon, 2018b. Heirloom Roses. Transplant or move a rose bush.  436 
https://www.heirloomroses.com/info/care/how-to/transplanting-roses. Accessed 17 Dec., 437 
2019. 438 
 439 
Arora, R., Rowland, L.J., Tanino, K., 2003. Induction and release of bud dormancy in woody 440 
perennials: A science comes of age. HortSci. 38, 911-921. 441 
 442 
Benson, A.R., Koeser, A.K., Morgenroth, J., 2019. A test of tree protection zones: Responses 443 
of Quercus virginiana Mill trees to root severance treatments. Urb. For. Urb. Green. 38, 54-63. 444 
 445 
Blanusa, T., Papadogiannakis, E., Tanner, R., Cameron, R.W.F., 2007. Root pruning as a 446 
means to encourage root growth in two ornamental shrubs, Buddleja davidii 'Summer Beauty' 447 
and Cistus 'Snow Fire'. J. Hort. Sci. Biotech. 82, 521-528. 448 
 449 
20 
Cameron, R., Hitchmough, J., 2016. Environmental horticulture: Science and management of 450 
green landscapes. CABI.  451 
452 
Cassaniti, C., Leonardi, C., Flowers, T.J., 2009. The effects of sodium chloride on ornamental 453 
shrubs. Sci. Hort. 122, 586-593. 454 
455 
Chapin III, F.S., 1980. The mineral nutrition of wild plants. Ann. Rev. Ecol. System. 11, 233-456 
260. 457 
458 
Clune, M. 2017. How to transplant a Viburnum bush. Garden Guides. 459 
https://www.gardenguides.com/98200-transplant-viburnum-bush.html. Accessed 17 Dec. 460 
2019. 461 
462 
Davies, W.J. and Zhang, J., 1991. Root signals and the regulation of growth and development 463 
of plants in drying soil. Ann. Rev. Plant Biol. 42, 55-76. 464 
465 
Eis, S., 1968. Lateral root pruning-a promising forest nursery practice. For. Chron. 44, 12-13. 466 
467 
Ferree, D. C., 1992. Time of root pruning influences vegetative growth, fruit size, biennial 468 
bearing, and yield of Jonathan' apple. J. Amer. Soc. Hort, Sci. 117, 198-202. 469 
470 
Ferree, D.C., Knee, M., 1997. Influence of root pruning and rootstock on growth and 471 




Ferrini, F. and Baietto, M., 2006. Response to fertilization of different tree species in the urban 474 
environment. Arbor Urban For 32, 93. 475 
 476 
Fini, A., Ferrini, F., Frangi, P., Piatti, R., Amoroso, G., 2013. Effects of roots severance by 477 
excavation on growth, physiology and uprooting resistance of two urban tree species. Acta 478 
Hort. 990, 487-494. 479 
 480 
Francia, D., Demaria, D., Calderini, O., Ferraris, L., Valentino, D., Arcioni, S., Tamietti, G., 481 
Cardinale, F., 2007. Wounding induces resistance to pathogens with different lifestyles in 482 
tomato: Role of ethylene in cross佻protection. Plant, Cell Environ. 30, 1357-1365. 483 
 484 
Franco, J.A., Martínez-Sánchez, J.J., Fernández, J.A., Bañón, S., 2006. Selection and nursery 485 
production of ornamental plants for landscaping and xerogardening in semi-arid environments. 486 
J. Hort. Sci. Biotech. 81, 3-17. 487 
 488 
Ghani, M.A., Stokes, A., Fourcaud, T., 2009. The effect of root architecture and root loss 489 
through trenching on the anchorage of tropical urban trees (Eugenia grandis Wight). Trees 23, 490 
197-209. 491 
 492 
Gilman, E.F., Kane, M.E., 1990. Growth and transplantability of Magnolia grandiflora 493 
following root pruning at several growth stages. HortSci. 25, 74-77. 494 
 495 
Gilman, E. F., Yeager, T. H., Weigle, D., 1996. Research reports fertilizer, irrigation and root 496 
ball slicing affects Burford holly growth after planting. Environ. Hort. 14, 105-110. 497 
 498 
22 
Harris, J.R., Day, S.D., Kane, B., 2008. Nitrogen fertilization during planting and establishment 499 
of the urban forest: a collection of five studies. Urb. For. Urb. Green. 7, 195-206. 500 
501 
Hauer, R. J., Miller, R. W. Ouimet, D. M., 1994. Street tree decline and construction damage. 502 
J. Arbor. 20, 94-94.503 
504 
HTA. 2017. Horticultural Trades Association, UK. Top Plants For Amenity Landscapes, 505 
https://www.earlswoodglc.co.uk/HTA-Top-100-Plants-for-Amenity-Landscapes.pdf. Data 506 
sourced 14 May, 2017.  507 
508 
Huber, A.E., Bauerle, T.L., 2016. Long-distance plant signaling pathways in response to 509 
multiple stressors: the gap in knowledge. J. Exp. Bot. 67, 2063–2079. 510 
511 
Khan, Z.U., McNeil, D.L., Samad, A., 1998a. Root pruning of apple trees grown at ultra佻high 512 
density affects carbohydrate reserves distribution in vegetative and reproductive growth. NZ. 513 
J. Crop Hort. Sci. 26, 291-297.514 
515 
Khan, Z.U., McNeil, D.L., Samad, A., 1998b. Root pruning reduces the vegetative and 516 
reproductive growth of apple trees growing under an ultra-high density planting system. Sci. 517 
Hort. 77, 165-176. 518 
519 
Larson, M.M., 1975. Pruning northern red oak nursery seedlings: Effects on root regeneration 520 
and early growth. Can. J. For. Res. 5, 381-386. 521 
522 
23 
León, J., Rojo, E., Sánchez佻Serrano, J.J., 2001. Wound signalling in plants. J. Exp. Bot. 52, 1-523 
9. 524 
525 
Lipp, C.C., Andersen, C.P., 2003. Role of carbohydrate supply in white and brown root 526 
respiration of ponderosa pine. New Phytol. 160, 523-531. 527 
528 
Mathers, H.M., Lowe, S.B., Scagel, C., Struve, D.K., Case, L.T., 2007. Abiotic factors 529 
influencing root growth of woody nursery plants in containers. HortTech. 17, 151-162. 530 
531 
McArtney, S.J., Ferree, D.C., 1999. Root and cane pruning affect vegetative development, 532 
fruiting, and dry-matter accumulation of grapevines. HortSci. 34, 617-621. 533 
534 
Mooney, H. A., Rundel, P. W., 1979. Nutrient relations of the evergreen shrub, Adenostoma 535 
fasciculatum, in the California chaparral. Bot. Gaz. 140, 109-113. 536 
537 
Paoletti, E., Ferrara, A.M., Calatayud, V., Cerveró, J., Giannetti, F., Sanz, M.J., Manning, W.J., 538 
2009. Deciduous shrubs for ozone bioindication: Hibiscus syriacus as an example. Environ.  539 
Poll. 157, 865-870. 540 
541 
Russell, R.S., Clarkson, D.T., 2016. Ion transport in root systems. Pers. Exp. Biol. 2, 401-411. 542 
543 
Schultz, R.C., Thompson, J.R., 1997. Effect of density control and undercutting on root 544 
morphology of 1+ 0 bareroot hardwood seedlings: Five-year field performance of root-graded 545 




Schupp, J.R., Ferree, D.C., 1990. Influence of time of root pruning on growth, mineral 548 
nutrition, net photosynthesis and transpiration of young apple trees. Sci. Hort. 42, 299-306. 549 
 550 
Schupp, J.R., Ferree, D.C., Warrington, I.J., 1992. Interactions of root pruning and 551 
deblossoming on growth, development and yield of ‘Golden Delicious’ apple. J. Hort. Sci. 67, 552 
465-480. 553 
 554 
Spengler., T., 2018. Best times for transplanting: When is a good time to transplant in the 555 
garden. https://www.gardeningknowhow.com/ornamental/shrubs/shgen/best-times-for-556 
transplanting.htm. Accessed 10 March 2019.  557 
 558 
Stupendick, J.T., Shepherd, K.R., 1980. Root regeneration of root-pruned Pinus radiata 559 
seedlings. II. Effects of root pruning on photosynthesis and translocation. NZ J. For. Sci., 10, 560 
148-58. 561 
 562 
Takahashi, F., Shinozaki, K., 2019. Long-distance signaling in plant stress response. Current 563 
Op. Plant Biol. 47, 106-111. 564 
 565 
Thomas, P., Ravindra, M.B., 1997. Effect of pruning or removal of in vitro formed roots on ex 566 
vitro root regeneration and growth in micropropagated grapes. Plant Cell, Tis. Organ Cult. 51, 567 
177-180. 568 
 569 
Trapeznikov, V.K., Ivanov, I.I., Kudoyarova, G.R., 2003. Effect of heterogeneous distribution 570 
of nutrients on root growth, ABA content and drought resistance of wheat plants. Plant Soil 571 
252, 207-214. 572 
25 
573 
Wang, Y., Travers, S., Bertelsen, M. G., Thorup-Kristensen, K., Petersen, K. K., Liu, F., 2014. 574 
Effect of root pruning and irrigation regimes on pear tree: growth, yield and yield components. 575 
Hort. Sci. 41, 34-43. 576 
577 
White, R., 2006 Daphnes: A practical guide for gardeners, Timber Press, Portland, Oregon, 578 
USA. 579 
580 
Yang, S., Xing, S., Liu, C., Du, Z., Wang, H., Xu, Y., 2010. Effects of root pruning on the 581 






Table 1. Root to shoot ratios in Philadelphus and Euonymus after both quiescent phase 587 
(September) and active phase (July) root-pruning. Data recorded after 6 weeks of continued or 588 
re-activated shoot activity. Letters denote differences within species and growth phase from 589 














L+L 2.07a 0.74a 1.48a 0.35a 
S+S 0.79b 0.60a 1.89a 0.42a 
L+S 1.96a 0.74a 1.54a 0.24a 
L+LF 1.61ab 0.94a 1.05a 0.43a 
S+SF 1.29ab 0.63a 1.33a 0.23a 
LF+S 1.55ab 0.83a 1.65a 0.31a 





Table 2. Summary of treatments, where values for different parameters are significantly less 595 
than one or more other treatments. 596 
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List of Figures 
Figure 1. Philadelphus ‘Aureus’. Dry weight of roots (left bottle), roots (right bottle), 
total roots and total shoots in April following root-pruning when quiescent 
(September). L=light root-pruning, S=severe root-pruning, F=additional fertilizer. Letters 













Figure 2. Philadelphus ‘Aureus’. Mean number of new roots observed on left side or right 
side of plants in April following root-pruning when quiescent (September). L=light root-
pruning, S=severe root-pruning, F=additional fertilizer. Letters denote differences within 













Figure 3. Euonymus ‘Silver Queen’. Dry weight of roots (left bottle), roots (right bottle), 
total roots and total shoots in April following root-pruning when quiescent 
(September). L=light root-pruning, S=severe root-pruning, F=additional fertilizer. Letters 





Figure 4.  Euonymus  ‘Silver Queen’. Mean number of new roots observed on left 630 
side or right side of plants in April following root-pruning when quiescent (September). 631 
L=light root-pruning, S=severe root-pruning, F=additional fertilizer. Letters denote 632 













Figure 5. Philadelphus ‘Aureus’. Dry weight of roots (left bottle), roots (right bottle), total 
roots and total shoots in September following root-pruning when active (July). L=light 
root-pruning, S=severe root-pruning, F=additional fertilizer. Letters denote differences for 







Figure 6. Philadelphus ‘Aureus’. Mean number of new roots observed on left side 651 
or right side of plants in September following root-pruning when active (July). L=light root-652 
pruning, S=severe root-pruning, F=additional fertilizer. Letters denote differences within 653 









Figure 7. Euonymus ‘Silver Queen’. Dry weight of roots (left bottle), roots (right bottle), 
total roots and total shoots in September following root-pruning when active (July). 
L=light root-pruning, S=severe root-pruning, F=additional fertilizer. Letters denote 










Figure 8. Euonymus ‘Silver Queen’. Mean number of new roots observed on left side or right 
side of plants in September following root-pruning when active (July). L=light root-pruning, 
S=severe root-pruning, F=additional fertilizer. Letters denote differences within each 










Figure S1. Timelines of the two experiments showing timing of root-pruning/










Figure S2. Two polypropylene cut down bottles as used as ‘pots’, with original roots of 






Diagram of typical root systems of plants before any root pruning; and 692 Figure S3. 
consequently after the imposition of treatments L+L, S+S, L+S, L+LF, S+SF, LF+S, L+SF. 693 
694 
Plant before any root pruning 
NB plants of this type were not assessed due to 
highly congested root systems 
Treatments = 
L+L 
Lower 1/3 of roots removed from both sides 
S+S 
Lower 2/3 of roots removed from both sides 
L+S 
Differential pruning, 1/3 of roots removed on one 
side and 2/3 remove on the other 
40 
L+LF 
Lower 1/3 of roots removed from both sides and 
additional fertilizer added to growing medium on 
one side 
S+SF 
Lower 2/3 of roots removed from both sides and 
additional fertilizer added to growing medium on 
one side 
LF+S 
Differential pruning, 1/3 removed on one side and 
2/3 remove on the other, with additional fertilizer 
applied to the lightly pruned side 
L+SF 
Differential pruning, 1/3 removed on one side and 
2/3 remove on the other, with additional fertilizer 









Figure S4. Root-pruning treatments, showing A. established plant with divided root system, 
B. consistent light pruning on both sides of the root system (L+L), C. consistent severe 
pruning on both sides of root system (S+S) and D. differential pruning, light pruning on one 
side and severe on the other (L+S).  702 
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